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The traditional chemical reactors are rigid, and the reactor walls are not able to contract 
or squirm, as a result, the transport and mixing of material in the reactors have to rely on 
other auxiliary equipments, such as pumps, agitators etc. However, there are great limitations 
for the conventional mixing methods, especially for mixing high viscosity fluids at low 
Reynolds numbers. The phenomenon of seriously uneven concentration distribution of 
material usually exists in this case. Furthermore, since the walls of conventional rigid reactors 
are stationary, it is prone to fouling on the reactor walls for materials because of adhesion or 
deposition. In a sense, the human small intestine could be seen as a tubular reactor with 
complex functions. The “reactor” achieves the mixing, transport and reaction of highly 
viscous materials under the help of peristalsis, which also effectively prevents the fouling of 
materials on the “reactor wall”. 
Based on the reasons mentioned above, a new type of soft tubular reactor, namely the 
small intestine model reactor (SIMR), was designed and fabricated in this work by using the 
principle of bionic methodology and imitating the physiological structure and functions of 
human intestinal. The walls of SIMR are of good elasticity and flexibility, and could be 
contracted, so the peristaltic action of human intestinal could be simulated in this case. In this 
paper, the transport process of fluids in SIMR with the peristaltic action was studied; the 
residence time and distribution of fluids in SIMR was measured and described; the effects of 
peristaltic action on heat transfer of highly viscous materials within the SIMR and its 
temperature changes and response in addition of inert heat or cold source materials were 
inverstigated; the mixing effects of highly viscous materials and the reaction results of starch 
hydrolysis in SIMR were studied and discussed in detail, and were compared with a stirred 
tank reactor under analogous conditions. Futhermore, the fouling process of calcium 
carbonate particles within SIMR was also investigated, and the the impact of peristaltic action 
on the forming and cleaning of calcium carbonate fouling were discussed in detail.  
The experimental results showed that the transport of fluids in SIMR could be achieved 
by means of the peristalsis action, and the volumetric flow dependented on the peristaltic 
position, amplitude and frequency; the residence time distribution and mixing effect of fluid 
particles in SIMR could be regulated by controlling the peristaltic frequency and location; the 
peristaltic action could significantly improve the heat transfer process of materials in SIMR 
















material with peristaltic action were faster than that without peristaltic action under the same 
conditions, and the system stability was enhanced in the case of sudden temperature changes 
caused by disturbance; the mixing effects of highly viscous materials and the degree of starch 
hydrolysis in SIMR was much higher than that in a traditional stirred tank reactor under 
analogous conditions, suggesting that the new soft-type reactor is more advantages than the 
conventional rigid reactors in handling highly viscous materials. In addition, the research 
results also showed that the peristaltic action served to reduce fouling in SIMR and promote 
the cleaning process of fouling significantly. Therefore, the new soft reactor has important 
potential applications in the processing of high viscosity materials and the situations of 
fouling easily. 
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